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THE B E H A V ~ O U R  OF SILVER CATHODES I N  SOLID ELECTEOLYTE FUEL CELLS 
~. 

H. Tonnenberger  and H. S i e g e r t  

I n s t i t u t  B a t t e l l e ,  7 ,  r o u t e  d e  D r i z e  
1227 Carouge-Genhve, S w i t z e r l a n d  

i INTRODUCTION 

F u e l  c e l l s  w i t h  s o l i d  z i r c o n i a  e l e c t r o l y t e s  which work a t  750°C t o  1000°C 
a r e  p romis ing  sys t ems  t o  c o n v e r t  t h e  chemica l  energy  of cheap  f o s s i l  f u e l s  
i n t o  e l e c t r i c n l  ene rgy .  Expens ive  p l o t i n i u m  c a t a l y s t  c a n  be avo ided  because  
o f  t h e  h i g h  working  t e m p e r a t u r e s .  S i l v e r  as t h e  c a t h o d e  material and n i c k e l  
as t h e  anode  m a t e r i a l  have proved t o  be s u c c e s s f u l  up  t o  900°C (1) ( F i g .  1). I 

' In t h e s e  f u e l  c e l l s ,  t h e  r e s i s t a n c e  of  bhe e l e c t r o l J t e  p redomina te s  i n  t h e  
1 t o t a l  i n t e r n a l  r e s i s t a n c e  o f  t h e  c e l l ,  i f  t h e  e l e c t r o l y t e  h a s  a t h i c k n e s s  

1 p o l a r i s a t i o n  phenomena become i m p o r t a n t .  

, , e x p l n n a t i o n  f o r  t h e  obse rved  phenomena w i l l  be d i v e n .  

of  more t h a n  1 mm. To i n c r e a s e  t h e  power o u t p u t  p e r  u n i t  area o f  s u r f a c e  of . 
t h e  c e l l ,  t h e  t h i c k n e s s  of  t h e  e l e c t r o l y t e  shou ld  be r educed .  I n  S O  d o i n g ,  

T h i s  p a p e r  d e a l s  w i t h  t h e  p o l a r i s a t i o n  of  s i l v e r  e l e c t r o d e s .  A t e n t a t i v e  

P o l o r i s a t i o n  phenomena i n  h i g h  t e m p e r a t u r e  s o l i d  e l e c t r o l y t e  f u e l  c e l l s  

A f u e l  c e l l  w i t h  a n  oxygen-ion c o n d u c t o r  as  t h e  s o l i d  e l e c t r o l y t e  c r e a t e s  
a v o l t a g e  between i t s  e l e c t r o d e s  due  t o  t h e  d i f f e r e n c e  of t h e  oxygen p a r t i a l  
pressure on both e l e c t r o d e s .  T h i s  v o l t u g e  i s  e x p r e s s e d  by t h e  Nernot  equa- 
t i o n  : 

l 

\ 
\ 

E =  RT 
4F ' 
- I n  

t 

i .. I f  a c u r r e n t  f l o w s  t h r o u g h  a s o l i d  e l e c t r o l y t e  f u e l  c e l l ,  t h e  p o t e n t i a l  

) 

' be dev ided  i n t o  t h e  f o l l o w i n g  p a r t s  : 

between' t h e  t e r m i n a l s  w i l l  d r o p  due  t o  t h e  i n t e r n a l  r e s i s t a n c e  o f  t h e  c e l l .  

The i n t e r n a l  r e s i s t a n c e  which 1 i m i t . s  t h e  power o u t p u t  o f  t h e  f u e l  c e l l .  can  
I 

- p o l a r i s a t i o n  of  t h e  c a t h o d e  

- ohmic r e s i s t a n c e  of t h e  e l e c t r o l y t e  

- polar i sa t !on  of  t h e  anode  I 

The e l e c t r o d e  p o l a r i s a t i o n  t h u s  d e f i n e d  c o n t a i n s  a l l  s o r t s  o f  l o s s e s '  in t h e  
e l e c t r o d e e ,  such  as t h e  e1ec : t ron ic  r e s i e t a n c e ,  d i f f u s i o n  r e s i s t a n c e  of t h e  
g a s e s ,  a c t i v a t i o n  p o l a r i s a t i o n  and so on. 

'' 

'', The v o l t a g e  a t  t h e  t e r m i n a l s  o f  t h e  f u e l  c e l l  unde r  load .  can  t h e n  be' 
' e x p r e s s e d  by : . 

V Eo - Vc - VEl - VA 
V - Termina l  v o l t a g e  

Eo Open c i r c u i t  v o l t a g e  

Vc - P o l a r i s a t i o n  of t h e  c a t h o d e  



VEl - 
V A  - Pola r i r imt ion  of  t h e  anode  I 

Ohmic v o l t a g e  d r o p  in t h e  s o l i d  e l e c t r o ' l y t e  

The meonanism of  t h e  e l e c t r o d e  p o l a r i s a t i o n s  i e  fa r  .from b e i n g  u n d e r s t o o d .  
I t  i s  n o t  y e t  even p o s a i h l e  t o  d e t e r r i i n e  unequ ivocab ly  t h e  v o l t a g e  losses 
due  t o  p o l a r i s a t i o n  froci  t h e  t o t a l  i n t e r n a l  r e s i s t a n c e .  

C u r r e n t  i n t e r r u p t i n g  t e c h n i q u e s  a r e  f r e q u e n t l y  used t o  s e p a r a t e  e l e c t r o d e  
p o l a r i s a t i o n  from t h e  ohmic r e s i s t a n c e  of t h e  e l e c t r o l y t e  ( 2 )  ( 3 ) .  
We t r i e d  t o  o b t a i n  f u r t h e r  i n f o r m s t i o n  a b o u t  ; . o i n r i e a t i o n  phenomen:,, by i n -  
v e e t i g a t i n g  c e l l s  of  t h e  t y p e  

. 

w i t h  v a r y i n g  e l e c t r o l y t e  t h i c k n e s s ,  which p e r m i t s  t h e  d e t e r m i n a t i o n  of  t h e  
i n f l u e n c e  o f  t h e  e l e c t r o l y t e  r e s i e t a n c e  on t h e  t o t a l  i n t e r n a l  r e s i s t a n c e  
more r e a d i l y .  

EXPERIMENTAL 

F i g .  2 shows s o h e m a t i c a l l y  t h e  e x p e r i m e n t a l  s e t - u p .  The c e l l  t o  be s t u d i e d  
was made o f  a wafer o f  tt'e e l e c t r o l y t e  of  - 30 mrn d i a m e t e r  and a b o u t  3 mm 
t h i c k n e s s ,  he ld  between two t u b e s  made o f  s t e e l .  

In t h e  c e n t r e  of t h e  e l e c t r o l y t e  wafe r  t h e r e  was a h o l e ,  a t  t h e  bo t tom of  
i t  was p laced  t h e  one e l e c t r o d e ,  t h e  other e l e c t r o d e  t ie ing  on t h e  o p p o s i t e  
s i d e  o f  t h e  wafe r .  The surface o f  t h e  e l e c t r o d e s  was a b o u t  1 cm2. By v a r y -  
i n g  t h e  d e p t h  o f  t h e  h o l e ,  t h e  t h i c k n e s s  of  t h e  e l e c t r o l y t e  between t h e  
two e l e c t r o d e s  cou ld  be a d j u e t e d  t o  t h e  d e s i r e d  v a l u e .  

C u r r e n t  c o l l e c t o r s  ffiade o f  s i l v e r ,  were p r e s s e d  against t h e  e l e c t r o d e s  by 
s p r i n g e .  Thermocouples  were  p l a c e d  on b o t h  s i d e s  o f  t h e  e l e c t r o l y t e  wafe r .  

An oxygen s t r e a m  of  100  cc/min wae d i r e c t e d  a g a i n e t  b o t h  e l e c t r o d e s .  

The e l e c t r i c a l  c i r c u i t ,  shown i n  F i g .  5 ,  a l lowed  measurement of  t h e  c u r r e n t -  
v o l t a g e  c h a r a c t e r i s t i c s  o f  t h e  c e l l .  A c u r r e n t  i n t e r r u p t o r  t e c h n i q u e  was 
used  t o  measure  t h e  ohmic and t h e  non-ohmic p a r t  o f  t h e  t o t a l  c e l l  r e a i s t a n -  
ce .  ' io do t h i s  a s h o r t  t i m e  i n t e r r u p t i o n  r e l a y  ( t y p e  S t ru the r s -Dunn  N C C -  
C5-6.3 A C )  wae p laced  i n  t h e  c u r r e n t  c i r c u i t ,  which cou ld  b r e a k  t h e  c u r r e n t  
p e r i o d i c a l l y  f o r  0.4 m i l l i e e c o n d s  a t  a f r e q u e n c y  o f  100 c y c l e s  p e r  seaond. 
The v o l t a g e - t i m e  c u r v e  wae obse rved  on a n  o s c i l l o s c o p e  T e k t r o n i x  t y p e  5 0 3 ,  
and cou ld  b e  e a s i l y  pho tographed .  

As e l e c t r o l y t e ,  c u b i c  z i r c o n i u m  d l o x y d s  of  t h e  oompoe i t lon  of  

10 mol $ Yb203 

and 9 0  mol $ Z r O p  

was employed. The r e s i e t i v i t y  as a f u n c t i o n  of  t e m p e r a t u r e  o f  t h i e  compoei- 
t i o n  i s  shown i n  F ig .  4 .  The e l e c t r o l y t e  wafer wan p r e p a r e d  by s i n t e r i n g  a 
compact o f  t h e  mixed o x i d e  poudere  a t  1gOO'C for 3 h o u r s .  The a p p a r e n t  den- 
s i t y  v a e  a b o u t  92 $ o f  t h e  t h e o r e t i c a l  d e n s i t y  and t h e  w a f e r s  were @a8 t igh t .  

The s u r f a c e  vag p r e p a r e d  by r u b b i n g  w i t h  S i c  paprr, t h e n  r i n c e d  w i t h  d i e t l l l e d  
water and h e a t e d  a t  1000°C for a s h o r t  t ime .  

S i l v e r  e l e c t r o d e a w e r e  p r e p a r e d  by p a i n t i n g  2 l a y e r a  of a s i l v e r  p n s t e ,  
Deguosa L e i t e i l b e r  200, f o l l o w e d  by  a h e a t  treatment u p  t o  850'C. 
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Fib .  5 and F i g .  6 show t y p i c a l  c i i a r , i c t e r i s t i c s  of t h e  c e l l s .  They are 
s t r a i g h t  l i n e s  p a e s i n g  th rough  the  o r i g i n  o f  t h e  c o o r d i n a t e s  (19 t hey  s h o u l d ,  
because t he  y a r t ~ e l  p i + ? + s b r e  an  the two u l e c t r o d e s  is t h e  earns I 

A t  c u r r e n t  d e n s i t i e s  h ight?r  t h a n  a h o u t  200 mA/cm2 t h e  c h a r a c t e r i s t i c s  begin  
t 3  f l a t t e n  out. .  T h i s  phenomenon, i i lno  observed  by o t h e r  workers ( 3 ) ,  mily be 
e x p l a i n p d  hx the h e a t i n s  of  t h e . e l e c t r o 1 y t . e  due  t o  t h e  c u r r e n t  f l ow.  T h i s  
i i g p u t i i e s j s  i s  ::up;iortecl  hy tile f u c t ,  i h a t  t h e  c u r r e n t  d e n s i t y ,  above which 
t h e  i n t e r n a l  r e s i s t a n c e  of t h e  c e l l  d e c r e a s e s ,  deponds  on t h o  t h i c k n e s s  o f  
t h e  e l e c t r o l y t e  and the nominal  o p e r a t i n g  t e m p e r a t u r e .  

We r e s t r i c t  f u r t h e r  d i s c u s s i o n s  t o  t h e  l i n e a r  p a r t  o f  t h e  c h a r u c t o r i s t i c o .  

Fii:. 7 sh*ivs t he  t o t s 1  r e ? a i s t n n c e  n(rr cn2 o f  c u l l s  h a v i n g  d i . f f c r c n t  
t + l ~ ! c L r ~ ~ ! y t c  Li:ic:knesse:-c, as a f u n c t i o n  of  t e m p e r a t u r e .  I t  i s  r e m a r k a b l e ,  
t h a t  ths t emperRtu re .dependence  o f , t h e  t o t a l  r e s i v t a n c e  o f  t h e  c e l l  is 
s e n s i b l y  the  same ne t h a t  o f  t h e  r e u i s c i v i t y  of' t h e  e l e c t r o l y t e ,  indopen-  
d e n t l j  o f - t n e  triic;;r,ess 0:' t n e  o l e c t r o l y t e  which v a r i e s  by il f a c t o r  of  t e n .  

7i6. 8 ehow:; a c r o s s - p l o t  of F i g .  7,  t h a t  is t h e  t o t a l  r e s i s t a n c e  o f  t h e  c e l l  
as a f u n c t i o n  o r  the t h i c k n e s s  . o f  ' tne  e l e c t r o l y t e  a t  t h r e e  t e m p e r a t u r e s .  AS 
can be se.en, a r e s i d u a l  r e s i s t l r n c e  R, r ema ins ,  i f  t h e  t h i c k n e s s  of  t h e  
e l e c t r o l y t e  i s  e x t r a p o l a t e d  to z e r o .  The t e m p e r a t u r e  dependence  of  R, ie 
n e n r l y  t h e  same as t h a t  of t n e  r e s i s t i v i t y  of  t h e  e l e c t r o l y t e .  

'The B e p e r a t i o n  o f  the  t o t a l  p o t e n t i a l  d r o p  i n t o  t h e  r a p i d  ("ohmic")  a n d  slow 
("nari-onmic") p a r t  by tile c u r r e n t  i n ~ e r r u g t i n g  t e c h n i q u e  d i d  n o t  s11ow a 
c o h e r e n t  r e e u l t .  I t  was n o t  p o s s i b l e  t o  r e l a t e  t h e  "non-ohmic" p o t e n t i a l  
d r o p  w i t h  t h e  r e s i d u a l  r e s i s t a n c e  R'o. 

D I S C U S S I O N  

The e s s e n t i a l  r e s u l t  o f  o u r  measurement i s ,  t h a t  we were  a b l e  t o  d e t e r m i n e  
the in'flrlenc'e of  t h e  a l e c t r o l j t s  r e s i s t u n c e  on t h e  t o t a l  r e s i s t a n c e  of  t h e  
c e l l  und Y O  t o  d e f i n e  e i  t o t a l  p o l a r i s a t i o n  o f  t h e  e l e c t r o d e s .  T h i s  t o t a l  
p o l a r i s a t i o n , '  oxpres sed  by t h e  r u a i d i l a l  r e s i s , t a n c e  R o ,  depends  on t h e  
t e i o s r a t u r s  i n  a?proximi i t*? ly  t h e  s a n e  way as t h e  r e s i n t i v i t j r  o f  t h e  
e l e c t r o l y t e .  

I n  t h e  t e n t a t i v e  e x p l a n a t i o n  o f  t h e  obaerved  phenomena we s h a l l  assume,  t h a t  
t h e  ctl t irodic and a n o d i c  p o l a r i e a t i o n  w i l l  be a b o u t  t h e  same, t h a t  is h a l f  
i > f  t h e  observed  t o t a l  p o l a r i s s t i o n ,  and t h a t  t h e  t e m p e r a t u r e  i s  t h e  same 
t h r o u s h o u t  t h e  sample .  Where t h e s e  a s s u m p t i o n s  may a l t e r  s i g n i f i c a n t l y  t h e  
i n ; e r p r a t a t i o n ,  we s h a l l  d i s c u s s  t h e  p o s s i b l e  consequences  of  a d e v i a t i o n  . 
from o a r  s s s u m p t i o n s .  . 

A t  f i r s t ,  we may a t t e m p t  t o  a s c r i b e  t h e  r e s i d u a l  r . e s i s t a n c e  R, t o  8 concen- 
t r a t i o n  p o l a r i s a t i o n  a t  t h e  c a t h o d e  due  t o  t h e  d i f f u s i o n  'of oxygen th rough  
a compact s i l v e r  l a y e r .  

The p o t e n t i a l  d r o p  due t o  c o n c e n t r a t i o n  p o l a r i s a t i o n  i s  

where 
R - gas c o n s t a n t  

T - a b s o l u t e  t e m p e r a t u r e  
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F - f a r a d a y  c o n s t a n t  

j, - l i m i t i n g  c u r r e n t  d e n s i t y  

The l i m i t i n g  c u r r e n t  d e n e i t y  can  be e x p r e s s e d  by 

where 

Co - 
D = d i f f u e l o n  c o e f f i c i e n t  of oxygen i n  s i l v e r  

d I t h i c k n e s s  of t h e  s i l v e r  l a y e r  

s o l u b i l i t y  o f  oxygen i n  e i l v e r  

F i e .  9 shows the  p o t e n t i a l  d r o p p  as a f u n c t i o n  o f  c u r r e n t  d e n s i t y  w i t h  t h e  
l i m i t i n g  c u r r e n t  d e n s i t y  as u n i t y .  

The c h a r a c t e r i s t i c s  of  our c e l l s  are p r a c t i c a l l y  l i n e n r  and n e v e r  showed a 
t endency  t o  l i m i t i n g  c u r r e n t s  i n  t h e  measured c u r r e n t  r ange .  If, n e v e r t h e l e a s ,  

' we aesume t h a t  t h e  p o l a r i s a t i o n  j S  due t o  t h e  d i f f u s i o n  o f  oxygen i n  s i l v e r ,  
and t h e  l i m i t i n g  c u r r e n t  d e n s i t y  i s  muoh h i g h e r  t h a n  t h e  measured c u r r e n t  
d e n s i t y  r a n g e  and t h e r e f o r e  t h e  l o g a r i t h m i c  behnv iour  o f  t h e  c o n c e n t r a t i o n  
p o l a r i s a t i o n  mtiy a p p r o x i m a t e  t o  t h e  obse rved  l i n e a r  b e h a v i o u r ,  t h e o r y  p r e d i c t 8  
much a m a l l e r  v a l u e s  for t h e  p o l a r i e a t i o n  e.,g. 

3 - 1 3  mV 

for J = 0.25 j l  a t  800'C 

t h a n  t h e  observed  p o l a r i s a t i o n ,  which is a b o u t  

A 7  - 80 mV f o r  200 mA/cm2 

We may t h e r e f o r e  e x c l u d e  t h a t  c o n c e n t r a t i o n  p o l a r i s a t i o n  o c c u r s  i n  o u r  c e l l s .  

A c t i v a t i o n  p o l a r i e a t i o n ,  i n v o l v i n g  l o s e e e  a s s o c i a t e d  w i t h  a d s o r p t i o n ,  or 
s u r f a c e  r e a c t i o n e ,  s e e c s t o  us improbab le  a t  t h e e e  h i g h  t e m p e r a t u r e s .  I n  
a d d i t i o n  I t  would eeem q u i t e  s u r p r i s i n g  t h a t  t h e  t e m p e r a t u r e  dependence  of 
t h e s e  l o s s e s  should  be t h e  same as t h a t  of t h e  r e s i s t i v i t y  of  t h e  e l e o t r o l y t e .  

We y ropoee  t h e r e f o r e  t o  e x p l a i n  the r e s i d u a l  r e e i e t a n c e  by t h e  f a c t  t h a t  t h e  
e l e c t r o d e s  a r e  u t i v e  o n l y  on d i s c r e t e  s p o t s  of small s i z e ,  d i e t a n t  one from 
e a c h  o t h e r .  I n  t h e  c a s e  of mol t en  s a l t  f u e l  c e l l a  s u c h  A model has a l r e a d y  
been p u t  forward  ( 4 ) .  
The r e s i d u a l  I e e i s t a n c e ,  found  by e x t r a p o l a t i n g  t h e  t o t a l  i n t e r n a l  c e l l  
r e e i e t a n c e  t o  zcro e l e c t r o l y t e  t h i c k n e s s ,  l e  t h e n  duo t o  t h e  l o e a  o f  e f f e c t i v e  
c r o e s - s e c t i o n  for t h e  c u r r e n t  flow t h r o u g h  t h e  e l e c t r o l y t e  and the dependence  
of Ro on t h e  t e u p e r a t u r e  e h o u l d  b e  t h e  eame a e  t h a t  of t h e  e l e c t r o l y t e  
r e e i e t i v i t y .  Fig. 10  ehowrr e c h e m a t i o a l l y  t h e  dependence  of t h e  t o t a l  i n t e r n a l  
c e l l  r e e i s t n n c e  on t h e  e l e c t r o l y t e  t h i c k n e o s  e x p e c t e d .  

I n  t h e  f o l l o w i n g  a q u a n t i t a t i v e  e r t i m a t i o n  of t h e  d imenr ione  o f  and t h e  
d i s t a n c e  between t h e  a c t i v e  e p o t s  vi11 b e  g i v e n  w i t h  t h e  .id of s imula t ing  
t h e  e l e m e n t  i n  a n  e l e c t r o l y t i c  t ank .  

TO e i m p l i f y  t h e  r i t u a t i o n  for  t h e  a i m u l a t i o n  we aaeume t h a t  t h e  a c t i v e  s p o t 8  
h a v e  t h e  f o r a  o f  p a r a l l e l  s t r i p e  w i t h  c o n s t a n t  w i d t h  (Fis. 11). 
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The r e s i s t a n c e  o f  one "e l emcn t" ,  d c p c z d c n t  on i t c  t h i c k n e s s ,  was m a s u r e d  
i n  t h e  e l e c t r o l y t i c  t a n k .  By p u t t i n g  i n  j t n r a l l e l  n of t h e s e  e l e m e n t s ,  t h e  
r e s i s t a n c e  o f  t h e  u n i t  area o f  t h e  c e l l  c a n  o e  c a l c u l a t e d .  

F i g .  1 2  shows t h e  b:iinulated e l e m e n t  in t.hi!j e l e c t r o l ~ t i c  t ank .  

F i d .  1 3  shows t h e  r e s i s t a n c e  nof t r i i s  e l e m e n t  as a f u n c t i o n  of i t s  
th i c l tneso  exjJressed by the  par:imeter 

f o r  R c o n d u c t i v i t y  : 

and f o r  a b a t h  d e p t h  B : 

I t  i s  l ir iportant t o  note, t h n t  t:ie r e s i s t a n c e  *can  be exprcseed  in t h e  form 
o f  

az =no+& 
for v i l u e s  o f  P. 

b i n d e p e n d e n t l y  o f  - . T h i s  :?ems, t h a t  t h e  c u r r e n t  flow i s  homogenous above 
a d i z t a n c e  d ,  where I 

b 
P T i & .  1 4  gives t h e  r e s i d u a l  r e s i s 2 n n c e  aZo Ls. a f u n c t i o n  o f  - . 

The r e s i s t a n c e  R o f  a n  e l e m e n t  w i t h  

P r e s i s t i v i t y  

and w i d t h  B 

i s  t h c n  g i v e n  by 

By p u t t i n g  2 n e l emen t8  i n  p a r o l l e l  w e  get  :I:c r e e i s t a n c e  o f  a whole c e l l  
o f  l e n g t h  L and  w i d t h  B. 

R =  - R' 2n 
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4 00 100 40 20 P) 
P) - 88 1.7 180 . 10'~ 6 . 10'~ 

R e f e r r i n g  t o  Fig. 11 w e  have  

L n . p  - L o r  n - -  P 

t 

and o b t a i n  f i n a l l y  

I n  t h i s  f o r m u l a  t h e  t e r m  

c a n  be i d e n t i f i e d  w i t h  t h e  measured r e s i d u a l  r e s i s t a n c e  Ro we o b t a i n e d  by 
e x t r a p o l a t i n g  t h e  e l e c t r o l y t e  t h i c k n e s s  t o  zero ( F i g .  8 ) .  

I t  s h o u l d  be n o t e d ,  t h a t  f rom t h e  knowledge of Ro by e x p e r i m e n t ,  i t  i e  n o t  
p o s s i b l e  t,o d e t e r m i n e  p and  b ( f r o m R O )  s e p a r a t e l y  b u t  on ly  pairs o f  v a l u e s  
p and b. 

To i n t e r p r e t  t h e  r e s u l t s  o b t a i n e d  a t  800°C ( F i g .  E ) ,  suppoae  t h a t  

L 0 B 1 cm 

We c a n  f i r s t  c a l c u l a t e 9  o f  the  e l e c t r o l y t e  f rom t h e  e l o p e  of  t h e  s t r a i g h t  
line i n  t h e  diagram of t o t a l  r e s i e t a n c e  v e r s u s  e l e c t r o l y t e  t h i c k n e s s .  T h i s  
y i e l d s  

9 - 28fi cm 

i n  good agreement  w i t h  t h e  v a l u e  o f  r e s i s t i v i t y  measured i n d e p e n d e n t l y .  

The r e s i d u a l  r e s i s t a n c e  R was 
0 

R~ = o . 8 ~  cm2 

I f  we assume t h a t  t h e  e l e m e n t  behaves  s y m m e t r i c a l l y  w i t h  r e s p e c t  t o  i t s  
e l e c t r o d e s ,  we have ,  f o r  i n s t a n c e ,  f o r  t h e  c a t h o d e  

C 2 . B~ - o.4R cm 

and t h e r e f o r e  

, 



CONCLUSIONS 

The h y p o t h e s i s  t h a t  t h e  s i l v e r  e l e c t r o d e s  are a c t i v e  o n l y  on d i s c r e t e  s p o t s ,  
t h e  one d i s t a n t  frou t h e  o t h e r , i s  a b l e  t o  e x p l a i n  t h e  obse rved  dependence  
of t h e  t o t a l  r e s i s t a n c e  o f  t h e  c e l l  

A 6  (02) / (zro2),,g (Yb20j )o . l  / A 6  (02) 
. . .  . .  

on t h e  t h i c k n e s s  o f  t h e  e l e c t r o l y t e .  A s  t h e  r e s i d u a l  r e s i s t a n c e  Ro i n  t h i s  
model i s  d i r e c t l y  . l i n k e d  t o  t h e  e l e c t r o l y t e ,  i t s  t e m p e r a t u r e  dependence  
should .  be  . t h e  .same si t h a t  o f  t h e  r e s i s t i v i t y  of t h e  e l e c t r o l y t e .  

The q u a n t i t a t i v e  e v a l u a t i o n  of t h e  d a t a  shows t h a t  t h e  d imens ions  of  t h e  
a c t i v e  s p o t s  becol,ie v e r y  sinall i f  t h e  d i s t a n c e  between them d e c r e a s e s .  

Loca l  O v e r h e a t i n g  o f . t h e . r i c t i v e  s p o t s ,  l o w e r i n g  t h e  r e s i s t i v i t y  o f  t h e  
e l e c t r o l y t e  i n  t h e i r  v i c i n i t y ,  would y i e l d  s t i l l  s m a l l e r  d i rncns ions  f o r  t h e  
spots h a v i n g  t h e  same d i s t a n c e .  

'Conforming t o  F i g s  8 and 13 we must a d m i t ,  t h a t  t h e  maximum d i s t a n c e  between 
t h e  s p o t s  shou ld  be less t h a n  Rbout 500 . 
I t  i s  e v i d e n t ,  t h a t  t h e  model of  t h e  s t r i p s  employed f o r  t h e  s i m u l a t i o n  
d o e s  n o t  co r re spond  t o  r e a l i t y .  C e r t a i n l y ,  t h e  act l .ve.  s p o t s  are of i r r e g u l a r  
ehape  and are d i s t r i b u t e d  i r r e g u l a r l y  o v e r  t h e  e l e c t r o d e  s u r f a c e .  However, 
t h e  o r d e r  of nah?i.tude o f  b and p ,  c a l c u l a t e d  on t h e  b a s i s  of our  expe r imen ta l  
v a l u e  o f  Ro, would n o t  be a l t e r e d  by o r d e r s  of magni tude .  

There  r ema ins  i h e  q u e s t i o n  of how t o  i n t e r p r e t  t h e  "non-ohmic" part of t h e  
t o t a l  p o t c n t i e l  dro;,.  We would s u g g e s t ,  t h a t  t h e  Fbcnomenon, y i e l d i n g  t h e  
"elow" p o t e n t i a l  d r o p ,  a le0  l i e s  in t h e  e l e c t r o l y t e .  

A t  l e a s t  f o r  t h e  c a t h o d i c  p o l a r i s a t i o n ,  i t  may be s u g g e s t e d  t h a t  t h e  
e l e c t r o l y t e  r e g i o n  below t h e  a c t i v e  s p o t  is s l i g h t l y  reduced  by t h e  c a t h o d i c  
c u r r e n t .  If t h e  c u r r e n t  i s  i . n t e r r u p t e d ,  t h e  open c i r c u i t  p o t e n t i a l  co r re sponds  
i n  t h e  f 1 r s t . i n s t a n t  t o  t h e  c h e n i c a l  p o t e n t i a l  o f  oxygen i n  t h e  s l i g h t l y  
reduced  e l e c t r o l y t e .  A f t e r  h a v i n g  i n L e r r u p t e d  t h e  c u r r e n t  t h e  r educed  r e g i o n  
of t h e  e l e c t r o l y t e  below t h e  a c t i v e  s p o t s  i s  r e o x i d i z e d  by t h e  o x i d i z i n g  
a tmosphe re  i n  t h e  c a t h o d e  conpar tu ien t  a n d  t h e  i n i t i a l  open c i r c b i t  p o t e n t i a l  
will s l o w l y  r e - e s t a b l i s h  i t s e l f .  

P 
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SAMPLE I 

RELAY STRUTHERS - DUNN 
TYPE M I C C - C 5 -  6.3 A C  

Fig. 3 Electrical measuring circuit 

Z r 0 2 - Y b 2 0 3  / 90-10 
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Fig. 4 Resistivity 
as o func 

800 O 7 5 0 °  725' 700' 675' 650' C 

of the electrolyte (Zr02)0.9(Yb203)0., 
ion of temperature 



2 07 

Fig. 5 Characteristics of the cell : 

Ag (0,) 1 (ZrO2Io9 ( Y b 2 0 3  lo I 1 Ag (02) 
Electrolyte thickness : 3.65 mm 

Volt 4 

634' C 
719OC 

I -2- mA 8 Ii /cm* O C  

TA 20 40 60 80 100 120 _ _  

0 6  L:+ 
Fig. 6 Characteristics of the cell : 

Ag (02) 
Electrolyte thickness : 0.38 mm 

( Z r 0 2  109 (Ybz  0310 I 1 Ag (02) 
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Fig. 7 Total internal cell resistance of three cells with different 
electrolyte thickness as a function of temperature 

T = 6 5 O o C  

T = 7 2 5  O C  

T = 800°C 

0 I 2 3 ,  4 d ( m m )  

F ig .8  Total internal cell resistance as a function of 
electrolyte thickness d a t  three temperatures 
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T = 800°C 

Fig. 9 Concentration polarisation as a function of current 
density in units of the limiting current density j 

I 

electrolyte thickness 

Fig. IO Total internal cell resistance as a function of electrolyte 
thickness for a cell having electrodes being active 
only on isolated spots. 

p electrolyte resistivity 
effective electrode area per cm2 %ff  

(Area of the active spots). 
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Simulated/ Current lines 
element 

F ig.  I1 Model for the simulation o f  the electrode 
L length, B width, d thickness of the electrolyte, 
p distance between ' I  active strips ' I ,  b width o f  
the " active strips 'I 

Current lines 

I' 

c 

Fig .  12 -Simulated single "element" 
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Fig. 14 Residual resistance m o a s  a function of width of 
b active strip - P 
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